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Abstract

The aromatic polybenzimidazoles (PBIs) are a group of materials comprising
excellent properties. Because of the high molecular rigidity in the backbone, they
have advantages as follows: high glass transition temperature, good thermal
decomposition temperature, excellent temperature stability, well chemical resistarce
and good mechanical property. PBI fiber has traditionally been used in firefighter's
turnout coats, astronaut space suits, and gloves used in metalworking industries.
However, due to the strong intra-interchain hydrogen bonding interactions, PBI has a
poor solubility in organic solutions and is hard to be processed, which come in the
way of development of new applications.

Phosphoric acid-doped polybenzimidazoles as high temperature proton exchange
membranes for use in fuel cells have recently attracted scientists’ extensive attention.
PBI is a base material, pure PBI has a very low proton conductivity (107~10°S cm™),
which has to imbibe acid to improve the proton conductivity. In general, the
phosphoric acid is doped by the acid-base reaction while the polymer acts as a
proton acceptor. It seems that proton conductivities of the PA-doped PBI membranes
increase with higher PA doping levels. As a key component in PEMFC, PEM plays a
crucial role in separate fuel and oxygen (or air), and achieves cation transfer
simultaneously. Our aim is to introduce flexible group to improve the solubility and
base group to incorporate more acid. Based on these factors, in this paper, the
research work concerns the following aspects:

(1) A diacid monomer, 4,4'-(pyridine-2,6-diylbis(oxy))dibenzoic acid (PDA), was
obtained from potassium 4-hydroxybenzoate and 2,6-dichloropyridine by
Williamson reaction, which has flexible ether groups and two carboxyl groups. NMR
characterization and element analysis testify that the resulting product has a high
purity.

(2) The resulting PDA was subsequently subjected to condensation polymerization
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with  3,3-diaminobenzidine (DAB) to prepare a pyridine containing
polybenzimidazole (PDA-PBI), which has flexible ether groups. The membranes
were prepared by the solution-casting and evaporation method. The PDA-PBI film
was then doped by immersing in 85% phosphoric acid and the H3PO, doped
PDA-PBI film was prepared. In this study, novel monomer PDA and membrane
based on PDA-PBI are taken as the primary research objects, the main
characterization results of these materials are as follows: 1) the structure
characterization (FT-IR, NMR and EA) proves that PDA is successfully synthesized.
2) FT-IR characterization and element analysis show we have prepared the objective
PBI polymer. Excellent thermostabili- ty of the membranes is observed through the
thermo-gravimetric analysis (TGA) curves. Onset decomposition temperature of the
membranes is ca. 350<C. 3) The solubility of the PDA-PBI polymer is observed by
immersing the polymer powder in different organic solutions. Compared with the
results from the literature, we found the solubility of PDA-PBI was improved. 4) The
proton conductivity of the PA doped PDA-PBI membranes is 0.83<10% S cm™ at
25 <C without any humidification. Additionally, the proton conductivity increases
when the temperature continues to increase. Proton conductivity of homo polymer is

7.9%10%Scm™ at 145<C.
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